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A comparison of sampling-unit areas of 0-06, 0-25, 0-5 and 1 m? indicates 

that a unit of 4 m? is an adequate size for sampling earthworm populations 

of arable soils in Hungary. A sample consisting of 16 units of this size gave a 

reliable estimate of population numbers. These results only apply to medium- 
sized species and to a sampling depth of 20 cm. 


Tue objects of the experiments reported here were to determine the number 
and size of sampling unit required for accurate estimates of the earthworm 
populations of arable soils. They form part of a long-term investigation of 
earthworm populations in Hungarian soils. 

The results of a survey of earthworm populations of agricultural soils 
in Hungary (Zicst, 1957-82) indicate that in arable soils, the predominant 
species are members of the genus Allolobophora, particularly the medium- 
sized A. antipai (Mich.), A. caliginosa (Sav.) and A. chlorotica (Sav.). Apart 
from A. rosea (Sav.) (Eisenia rosea (Sav.)), the genera Eisenia and Dendro- 
baena are much less common. Members of the genus Octolasium especially 
O. lacteum Orley, a commonly occurring species, are also of medium size, 
and the results given here will only have full validity under conditions where 
earthworms of similar size are predominant. Further investigations are 
required to test whether these results are also valid for the larger species. 


SAMPLING-UNIT AREA 


The results of a programme of spring and autumn samplings during the 
years 1953-6 have indicated that sampling-unit sizes of 1 and 0-5 m? are 
too large for quantitative investigations of earthworms. A further experiment 
was carried out in the spring of 1957 on the State Farm of Keszthely (for 
soil details sce p. 70) in which 50 sampling units of each of the following 
sizes were compared: 25 < 25cm, 50 x 50 cm, 50 x 100 cm and 100 

100 cm. ‘The average values for these different-sized samples are given 
in Table 18, and it can be seen that the average number per m? decreases with 
increasing sampling-unit size; this may be due to the inefficiency of the 
hand-sorting process with the larger units (see Nelson and Satchell, pp. 295-8). 
However these results indicate that rcliable estimates may be obtained from 
sampling units with areas of 4!;—1 m?. 


* Translated by Dr. 1. Szladits with the collaboration of the editor. 
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STATISTICAL ASPECTS OF SAMPLING AND ANALYSIS 


Table 18. Average number of Lumbricidae obtained from sampling units of 
different arcas, and degree to which averages calculated. from proportions of 
the sample differ from the. general average for each sample arent 
(per cent difference is largest occurring among [0 means of cach selected 
number of sampling units) 


Sampling- | General Number of sampling units 
unit arca average » = 
per m? 
| | 25 16 10 | 8 ü 
(cm) (50 units | 
Keszthely 
25 = 25 84-5 51 7-7 10:5 19:3 31-0 
50 >. 50 773 7-8 8-2 10:7 150 25-0 
50 100 62-8 | 39 6-9 B2 12-7 21-3 
100 100 62-6 +9 T5 | 82 | H2 20-9 
| | 
Martonvisdr | | 
25 x 25 50:2 | +9 6-8 9-8 16-0 27-0 
50 50 54-6 | +6 6-9 9-7 ILB 24-3 


The smaller-sized sampling units, in addition to giving more reliable re- 
sults, have other advantages. The labour of recovering the worms is very 
much less and consequently sorting can be done more quickly. They are 
particularly suitable for arable soils, especially when small experimental plots 
are sampled, as the damage done to a plot is kept to a minimum. This is 
especially important where a sample is dug with a spade as an area of as much 
as four times that of the sample may be disturbed in the process. However 
this difficulty does not arise with the sampling tool described here. For these 
reasons I have adopted a unit area of yẹ m? but it should be stressed that 
this area is only suitable where the sampling depth is not greater than 20 cm. 


SAMPLING PROCEDURE 
The tool (Zicsi, 1957-8) used for taking soil samples is a box-shaped frame 
(Figure 20, A; 25-cm sides and 20 cm deep) made from a strip of steel plate, 


Figure 20. Metal frame used for sampling 
lumbricid populations in arable soils 
(after Zicsr, 1957-8). 
4A, square metal frame (arca h m? and 
20 em deep) with 2 wooden handles (8); 
C, hinged metal plate by means of which 
extra. pressure can be applied with the 
leet to assist in the insertion of frame in 
the soil. 
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2-5 mm thick, bent in the shape olf a square with open ends, and the two free 
edges are welded together. ‘Che lower outer edges of the frame should be 
ground to produce sharp edges to facilitate insertion of frame in soil. Two 
wooden handles (B, / 50 cm including socket, and 43:5 cm) are inserted 
in sockets, one on either side of the frame. To the upper edge of the third 
side is attached a hinged metal plate (C, / 27 cm and 6 10 cm) so that extra 
pressure can be applied with the feet to assist in the insertion of the sampling 
frame in the soil. When the frame together with its sample is removed from 
the soil, it is brought to the edge of the field, and the sample is pushed out 
and spread on a sheet for hand-sorting (see Nelson and Satchell, pp. 295-8). 

With this method the only soil disturbed is that of the sample, and the sur- 
rounding soil is untouched. It can be used in all cultivated soils providing 
they are sufliciently moist. Under conditions of prolonged drought it can 
only be used on light soils; it is. unsuitable for heavy clay soil under these 
conditions. 

The depth of sampling will depend on the purpose of the investigation. 
In my own survey of the State Farms of Keszthely and Martonvásár (Zicst, 
1957), the results of monthly samplings indicate that, during their period of 
activity, 80-90 per cent of the earthworms in arable soils occur down to a 
depth of 20 em. If deep samples are required a larger area must be used. 
For this reason I agree with WiLcKE's (1955) recommendation of a sampling- 
unit area of 50 ~ 50 cm as this is a suitable size to allow a unit to be dug 
with spade and shovel to a depth of 50-60 cm, and the volume of soil 
obtained is not too great for hand-sorting. 


NUMBER OF SAMPLING UNITS 


The uniformity of distribution of earthworm populations in arable soils is 
affected by many factors including manurial treatment, crop rotation used, 
moisture conditions, soil cultivations and of course the type of soil. In the 
experiment at Keszthely already described, this problem was also studied, 
and a somewhat similar experiment was carried out at the State Farm of 
Martonvásár. The soil of the first is a loamy sand of pH 7, in which calcium 
carbonate only occurs at a. depth of 60 cm, and then only sporadically, 
although the concentration may be as high as 12 per cent in places. A 
dressing of farmyard manure was applied in autumn, 1956, and was ploughed 
in in the usual manner. The soil of Martonvásár is a loess loam having a 
pH of 6-7-7-0 and a calcium carbonate content of 1-2 per cent. The soil 
was ploughed to a depth of 20 cm in the autumn of 1956 but this land has 
not been manured for a number of years. 

At Keszthely 50 sampling units of each of the following dimensions were 
taken: 25 z 25em, 50 © 50 cm, 50 « 100 cm and 100 x 100 cm. The 
results of this sampling suggested that the two larger sizes were unnecessary, 
and it was decided to repeat the experiment at the second site using the two 
smaller sizes only. 

The average numbers of worms recovered for each sampling-unit area, 
and the degree to which the average number for each area, calculated from 
proportions of the sample, differs from the average for 50 units is given in 
Table 18. The percentage difference recorded in each instance is the largest 
among 10 means calculated for each selected number of sampling units. 
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STATISTICAL ASPECTS OF SAMPLING ANID ANALYSIS 


These results indicate that a sample of 16 units with an area per unit of 
ys m? gives a population estimate with an acceptable level of accuracy. 
However, in certain circumstances 10 units may be sullicient. DubicH, 
BaLocH and Loksa (1952) obtained similar results in a survey of the macro- 
fauna of forest-soil biotopes, and concluded that 10 sampling units (y m? 
unit) were sufficient to obtain reproducible mean estimates of these animals. 
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